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Background: Refractive error (RE) and visual impairment (VI) remain major problems affecting 
school going children worldwide and impacting their quality of life. 
 
Aim: To determine the prevalence and distribution of RE and VI, and their impact on quality of life 
(QoL) of school-going children. 
 
Setting: This school-based study was conducted on school-going children residing within the borders 
of greater Sekhukhune district, Limpopo (South Africa). 
 
Methods: A multistage random sampling method was used to select schoolchildren aged between 6 and 
18 years from Grades R to 12. A total of 400 learners where invited to participate in this study and 326 
(81.5% [95% CI, 77.7-85.3]) learners underwent an eye examination. The examination assessed 
unaided and aided visual acuity using a LogMAR chart, binocular motor function, autorefraction under 
cycloplegia,  media and fundus examination, and QoL measured with the National Eye Institute visual 
function questionnaire (NEI-VFQ-25).  
 
Results: The prevalence of uncorrected, presenting and best corrected visual acuity of 0.30 or worse in 
the better eye was 12.3% (95%  CI, 8.7-15.8), 12.3% (95%  CI, 8.7-15.8) and 2.1% (95% CI, 0.6-3.7) 
respectively. Refractive error accounted for 81% of all causes of VI. Myopia was the most prevalent 
RE (50.7% [ 95% CI, 38.8-62.7] ), followed by astigmatism (36% [95% CI, 24.3-47.3]), and 
hypermetropia (13.6% [95% CI, 5.30-21.6] ). There was no significant difference in the prevalence of 
RE and VI between males (50.7% [95% CI, 38.8-62.7]) and females (49.3% [95% CI, 37.3-61.2]). 
Refractive error and VI  were highest among children aged between 14 and 18 years. Moreover, the 
highest prevalence of RE was observed in Grades 9 to 12 learners (46.3% [95% CI, 34.3-58.2]). 
Children with RE and or VI scored low on  NEI-VFQ-25.   
 
Conclusion: The prevalence of RE and VI among schoolchildren in greater Sekhukhune district was 
high. This calls for attention from policymakers and all stakeholders responsible for eye care to devise 
strategies to address these conditions as they decrease the children’s QoL 
 









Isingeniso:- Izinga Lokungaboni Kahle lihlezi liyinselela enkulu ekhathaza izingane ezihamba isikole 
emhlabeni wonke, futhi linomthelela ezingeni lempilo ephilwa yilezo zingane. Ukuhlonza ukuvama 
nokusabalala kwalesi sifo, kanye nomthelela waso ezingeni lempilo ephilwa yizingane ezihamba isikole 
Indawo Yocwaningo:- Lolu cwaningo lwenzelwe esikolweni kubantwana abafundayo abahlala 
ngaphakathi kwemingcele Yesifunda Sase Sikhukhune (Limpopo) Eningizimu Afrika 
Izindlela Zokwenza Ucwaningo:- Indlela yokwenza ucwaningo elandelwe, kube yileyo yokuqoka 
abantwana besikole ababaphakathi kweminyaka eyi-6 kuya kweyi-18, kusukela ku-Grade R kuya ku-
12, ngokubadumba nje kulandelwe imidiyo ethize. Bangama-400 sebebonke abantwana besikole 
ababemenyelwe ukubamba iqhaza kulolu cwaningo, kwathi abangama-326 (81.5% [95% CI, 77.7-
85.3]) kulaba bafundi bahlolelwa amehlo.  Abafundi baxilongwa bengazifakile izibuko, baphinda futhi 
bahlolwa izinga lokubona bezifakile. Izinga lokubona lahlolwa nge LogMAR chart, kwabhekwa 
ukesebenzisana kwemisipha yamehlo, kwabhekwa ungwengwezi kwase kuhlolwa impilo yawo amehlo 
phakathi (phecelezi kwi fundus). Imibuzo ye National Eye Institute Visual Function Questionnare (NEI-
VFQ-25) nayo yasetshenziswa ukuze kuhlolwe izinga lempilo yabafundi egcina ingumthelela wawo 
amehlo.  
Imiphumela: Abafundi abatholakala bangaboni ngokwenelisayo batholakala bengu 12,3% (95% CI, 
8.7-15.8). Ababengaboni kakhulu babe ngu 2.1% (95% CI, 0.6-3.7). Ababenenkinga yamehlo angaboni 
kahle (phecelezi Refractive Error) babe ngu-81%, iningi labahluleka ukubona into uma iqhelile kubona. 
Abesilisa babengu 50.7% (95% CI, 38.8-62.7), abesifazane bengu 49.3% (95% CI, 37.3-61.2) kulaba 
ababehloliwe. Iningi lababenenkinga yokubona babe neminyaka kwe-4 kuya kweyi-18, befunda u grade 
9 to 12 (46.3% [95% CI, 34.3-58.2]). Izinga lempilo yabo nalo lathokala liphansi uma kuhlolwa nge 
NEI-VFQ-25 
Isiphetho: Izinga lokungaboni kahle nokukhubazeka ngamehlo liphezulu eSikhukhune. Abengamele 
ezempilo nabaphathiswa emkhakheni wamehlo kumele bangenelele balekelele ngezindlela zokusiza 






1.1 Background  
Refractive error (RE) and subsequent visual impairment (VI) in some cases, has its onset much earlier 
in life thus affecting individuals for many years and on many levels including social, psychological and 
financial (1,2). The management of RE and subsequent VI has been a priority of the World Health 
Organization (WHO) as it is the second leading cause of avoidable blindness globally (3). It is also 
known that RE and VI have an impact on the quality of life of school-going children (4). Refractive 
error is a visual disorder caused by irregularity in the shape, and or size of the eye, resulting in difficulty 
when attempting to focus objects clearly and leading to blurred vision (5).  Linked to RE is VI which 
results when the RE cannot be corrected by conventional spectacles, contact lenses, surgery or medical 
intervention (6). In addition, in some instances, RE remains uncorrected for a variety of other reasons 
including inaccessibility and unaffordability which further contributes to the statistics on VI. 
Uncorrected refractive error (URE) and VI remain major problems affecting school-going children 
worldwide, leading to broader negative social and economic impacts (7). 
1.2 Literature review  
1.2.1 Prevalence 
Refractive errors, particularly myopia, can pose a serious challenge to an individual and society. 
Hashemi Hassan et al. (8) recently indicated that globally, 11.7% of children are myopic with a further 
4.6% and 4.9% having hypermetropia and astigmatism, respectively. The prevalence of RE differs from 
region to region, with the highest prevalence in the Asian populations where China has a prevalence of 
33.9% (9), followed by India with 18.6% (10), Indonesia 15.9% (11), and Iraq 47% (12). The African 
continent has a prevalence ranging from 2 - 12% (13-16). However, in some African countries the 
prevalence of RE differs slightly as it was found to be 26.9% and 25.6% for Egypt and Ghana, 
respectively (17,18). South Africa has a prevalence of 20.1% (19).   
 
The leading type of RE, with a serious impact on the lives of children, was found to be myopia (8,20-
22). Myopia was also associated with differing prevalences with respect to gender (14,15,23), age 
(14,24,25) and parents’ level of education (26-28). Several studies have indicated that people living in 
urban areas have a higher prevalence of RE than people living in rural areas (23,29-31). On the contrary, 
Al Wadaani et al. (32) reported that children coming from rural areas have a higher prevalence of RE 





The higher prevalence of myopia in children in recent years has been attributed to urbanization (30, 31, 
33) and subsequently less exposure to sunlight due to increased indoor activities including watching 
television and playing computer games.  Myopia was also found to be associated with an older child, 
while hyperopia, with a younger age group (24,26,27). While in South Africa, Wajuihian and Hansraj 
(20) did not find any evidence of an association between RE, gender and/or age, elsewhere myopia has 
been associated with gender, with some cases reporting a higher prevalence in girls than boys (14,15,34)  
and others a higher prevalence in boys than girls (35-37). As it is known that parents’ level of education 
is also associated with myopia as children of people with post-matric qualifications have been found to 
be more myopic than children whose parents only have a high school qualification or lower (26-28).  
 
1.2.2 Visual Impairment 
Refractive error that remains uncorrected leads to VI (37,38).  Global statistics reveal that there are 
about 19 million visually impaired children in the world, most residing within the African continent, 
with URE as the leading cause of their VI (39). A study done by Pascolini and Mariotti (40) indicated 
that the global prevalence of VI amongst children is 18.9 million (6.6%). Moreover, the prevalence of 
VI also differs from region to region with Sub-Saharan Africa being at the top of the list (40). The 
reported prevalences of VI on school-children also differs from region to region like 14% in Indonesia 
(11), 39.9% in Iraq (12), 12.2% in Vietnam (21), 21.6% in Pakistan (36), 12.4% in Ethiopia (40), 3.66% 
in Ghana (13) and 2.74% in South Africa (25). Visual impairment prevalences also differ between 
genders and age groups (41). 
 
1.2.3 Quality of life 
Refractive error and/ VI can have detrimental impacts on an individual’s quality of life (QoL) (42). 
According to the WHO, QoL can be defined as a personal perception of someone’s position in life in a 
context of culture and value systems in which he lives and in relation to his goals, expectations, 
standards and concerns (43). Therefore vision-related QoL can be defined in the context of VI (44). 
Unlike with cataract and glaucoma which have a later onset, the number of years of life that RE,  and/ 
or VI, affects one is significant (1,2). In the United States of America, the medical expenditure of a 
person with RE and/or VI was estimated around $4000 per annum, excluding the cost of loss of 
productivity, anxiety and distress (45,46). 
Most children with RE and/or VI complain of having difficulties copying what is written on the 
blackboard at school (44). Further to this is that they cannot participate in most sporting codes that 
require good vision (47). A study done by Pan et al. (48) among adolescents in rural China found that 
healthy adolescents with reduced vision had lower health-related quality of life (HRQoL) scores 





that correcting RE or VI can increase the QoL of an individual (49). Vision impairment is also 
associated with poor physical performance (4). In addition, children with worse VI are reported to 
experience more difficulty in life as compared to those with average VI (50), and  children with VI in 
one eye could still score better on the QoL assessment, than those with bilateral VI (51). 
 
1.3 Justification for this study  
The was a need for this study to be done to determine the current prevalence of RE and VI and their 
impact on the QoL among school-going children inclusive of all age groups, which could guide 
intervention strategies in dealing with this global issue. Moreover, a study like this was nor done in this 
area.  
 
1.4 Research questions  
The research questions addressed by this study included: 
1.4.1 What is the prevalence and distribution of RE and VI among schoolchildren aged 6-18 years, in 
the greater Sekhukhune district in Limpopo Province, South Africa? 
1.4.2 What is the impact, if any, of RE and VI on the QoL of school-children aged 6-18 years, in the 
greater Sekhukhune district in Limpopo Province, South Africa? 
 
1.5 Aim & Objectives 
The aim of this study was to determine the prevalence and distribution of RE and VI, and their impact 
on QoL among school-children aged 6 – 18 years, in the greater Sekhukhune district in Limpopo 
Province, South Africa. 
The objectives more specifically were to: 
1.5.1 measure the RE and VI on a sample of school-children using the modified Refractive Error in 
School Children (RESC) protocol and visual acuity measured with a log MAR chart in greater 
Sekhukhune district. 
1.5.2 report on the prevalence and distribution of RE and VI on a sample of school-children based 
on age, gender, level of schooling and geographical location. 
1.5.3 assess the QoL of school-children with RE and/or VI using a QoL questionnaire (NEI-VFQ-







1.6.1 Study design 
This was a quantitative, cross sectional, school-based study to determine the prevalence of RE, VI, and 
their impact on QoL among school-children residing within the borders of Greater Sekhukhune district, 
Limpopo province, South Africa.  
  
1.6.2 Study setting 
Greater Sekhukhune is one of the five districts in Limpopo province, the northernmost province of 
South Africa. It is the smallest district of the province of Limpopo making up 11% of the geographical 
area (i.e. 13 528km2) with a population of 1 169 762. Greater Sekhukhune district is made up of four 
local municipalities which are Ephraim Mogale (greater Marble Hall), greater Tubatse (Feta Kgomo), 
Makhuduthamaga and Elias Motsoaledi. It also has few towns and cities namely Burgersfort, 
Groblersdal, Marble Hall, Ohrigstad, Roossenekal, Schuinsdraai Nature reserve, and Steelpoort. From 
the northern side, Sekhukhune is surrounded by Capricorn and Mopani on the East, Ehlanzeni on the 
South East, Nkangala to the South and Waterberg to the North West. 
Eighty-three percent of the population in greater Sekhukhune are Sepedi speaking with 98.6% of the 
population being black African, followed by Caucasians (1.1%), mixed race (0.2%) and Indians (0.1%). 
Fifty-five percent of the population are female and 44.50% are male (52). Greater Sekhukhune district 
municipalities are made up of many homelands and its main economic sectors are mining (20%), trade 
(17%), financial and business services (12%) and agriculture (9.7%). This is a low socio-economic area 
with an unemployment rate of 64%, and many people living on an income of less than R1500 per month 
per household (52,53).  Greater Sekhukhune district has 932 schools:  547 primary schools, 326 
secondary schools, 28 combined schools, 25 private schools and six special schools. The population in 
greater Tubatse/ Feta Kgomo is 489 902 with 343 schools, population in Makhuduthamaga is 284 435 
with 324 schools, Elias Motsoaledi has a population of 268 256 with 204 schools and Ephraim Mogale 
is populated at 127 168 with 61 schools (54).   
 
1.6.3 Study population 
The study population comprised school-children aged 6-18 years in Greater Sekhukhune district, 
Limpopo Province, South Africa.  The targeted population were learners residing in the rural area of 
Makhuduthamaga municipality which has been selected by convenience due to access to this 
municipality by the researcher. This municipality is representative of greater Sekhukhune district. In 
2016, STATS SA indicated that 105 023 children were enrolled at various schools in Makhuduthamaga 





has 197 primary schools, 117 secondary schools, four combined schools, three special schools and three 
private schools.   
 
1.6.4 Sample size and sampling method 
i.  Sample Size 
The baseline sample size was determined by using the equation outlined below (55):  
 
N = (Z)2 (1.0-p)(p)/ (b)2 
 
N = min sample size 
p = anticipated prevalence (7%) 
b = desired error bound considered as 3,5% (prevalence divided by 2) 
Z = 1.96, for a 95% confidence interval 
 
The value for p was 7% which is the assumed prevalence of RE in accordance with the recent study in 
South Africa on a sample of black high schoolchildren (56).   
N = (1.96)2 x (1.0 – 0.07) (0.07) / 0.0352 
 
N = 3,8416 x (0,0651) / 0,001225 
    
        = 204 
 
 
The sample size determined was however multiplied by 1.5 to compensate for the design effect, 
therefore,  
 
Adjusted for design effect:  204 x 1,5 = 306 
 
Finally, another 10% was added to the calculated value as a contingency factor, therefore:   
 
Adding 10% of 306 give us a required sample size of 337. This was rounded off to 400 to allow an 






ii.  Sampling Method 
A total of 400 learners were invited to participate in this study, the total number of learners to be enrolled 
for the study per school was obtained by dividing the total sampling frame (from the 271 schools) by 
the tentative sample size to obtain the sample interval and total of ten schools (Appendix 7) which 
included five primary schools and five secondary schools which were randomly selected. The total 
number of learners per school was then divided by the sample interval to obtain the total number of 
learners to be enrolled per school, as a result 40 learners were randomly selected to represent each 
school. 
 Five grades were randomly selected from each school between Grades R to Grade 12. In every grade 
the class register was used as a sampling frame to randomly select eight participants from the rest of 
the class, both males and females equally represented. 
All the learners selected to participate in this study were given the information document (Appendix 1) 
detailing the purpose and nature of the study, parental consent forms (Appendix 2) for their parents to 
read and sign confirming that they are allowing their children to take part in the study and a child assent 
form (Appendix 3).  
 
Participants were selected based on the following criteria: 
Inclusion 
Children aged 6-18 years who returned signed parental consent forms, assent forms and were present 
at school on the days of the examination for data collection, were included in this study. 
 Exclusion 
All children with any systemic or ocular diseases and/or on any systemic or ocular medication were 
excluded from this study. 
 
1.7 Study instruments: 
1.7.1 A Log MAR chart with the tumbling E’ optotype to accommodate the younger children that 
may have been unfamiliar with letters or numbers was used to measure visual acuity at distance. 
1.7.2 An ophthalmoscope (Keeler) was used for media and fundus examination and to check the 
corneal reflex. 
1.7.3 The paddle occluder was used for cover test and occlusion during visual acuity assessment. 
1.7.4 The autorefractor (Topcon RM-8000B) was used to measure the refractive error under 
cycloplegia.  





      1.7.6      Trial lenses and a trial frame were used to measure visual impairment. 
  
1.8 Study Procedure 
Data collection commenced after ethical approval was obtained from the Biomedical Research and 
Ethics Committee at the University of KwaZulu Natal [(BE080/19) (Appendix 4)], authorization was 
granted from Limpopo Department of Education (Appendix 5), and permission granted by the principals 
of the selected schools (Appendix 6). The data collection took place in the afternoon to minimize 
disruption of the childrens’ academic program due to cycloplegia. The study was conducted in 
accordance with the Declaration of Helsinki regarding research on human subjects. 
The field staff included an optometrist who has diagnostic privileges and three research assistants. A 
training and standardization workshop was held for all study personnel prior to commencement of the 
study. A pilot study was conducted in the Elias Motsoaledi municipality (Groblersdal Academy) to 
validate the data collection procedures and recording forms.  
A modified RESC protocol was employed to determine the prevalence values of RE and VI. Refractive 
error was determined with autorefraction under cycloplegia, and not with subjective refraction.   
A validated tool (NEI VFQ-25 questionnaire) was modified to be relevant to the current study sample 
and used to assess the QoL of the learner (Appendix 7). 
 
1.8.1 Clinical Assessment 
The clinical examination was done by the optometrist and the research assistant, at the stations set-up 
at the selected schools in an allocated classroom and it followed the modified RESC protocol as per 
sequence below (20): 
i. Vision Assessment: Distance VA was measured with a retro illuminated LogMAR chart using 
the tumbling E optotype. The chart was placed four meters in front of the participant.  The top 
line on the chart is 1M. The participant was asked to close one eye with a paddle occluder and 
not to put pressure on it. The research assistant started with the large E at the top the chart, 
showing them the three parallel fingers of the E and asked them to show him with their hand 
which direction the finger on the Es were pointing. The research assistant pointed to each E on 
successively smaller lines to test visual acuity, while reminding the learner not to peer with the 
unoccluded eye and ensuring occlusion of the other eye.  
Each letter had a score value of 0.02 log units. The formula that was used in calculating the 
score is: 






The right eye was tested first, then the left eye, each time occluding the fellow eye. Unaided 
acuity was measured first, followed by aided, where applicable. This procedure was done by 
same person all the time. 
 
ii. Binocular Motor Function: All ocular alignment assessments were performed without 
spectacles as only habitual binocular motor function was reported upon. Initially ocular 
alignment was assessed using corneal reflections (Hirschberg test). In this test we asked each 
child to fixate on the penlight binocularly rather than monocularly and observed the symmetry 
of the corneal light reflections. If there was strabismus or eye turn in which only one eye 
focused on the target and the other eye would deviate nasally or temporally, the corneal light 
reflex of the turned eye was seen displaced from the pupil centre. If the eye deviated towards 
the nose (esotropia) the reflex was displaced temporally and if the eye deviated away from the 
nose (exotropia) the reflex was displaced nasally. This was followed by a cover/uncover test 
using an occluder and performed with the fixation target at distances of 50 cm and four metres. 
The left eye was covered first, and the right eye was observed to detect any corrective 
movement while the child fixated on an accommodative target, which was a line above the VA 
of the poorer eye with both eyes open. The cover was then removed and then the right eye was 
covered to detect any movement in the left eye. The heterotropia was classified as an esotropia 
(outward movement of the uncovered eye), exotropia (inward movement), or vertical tropia 
(upward or downward movement and the recording was made of the eye with the hypertropia). 
If a heterotropia was detected it was measured using a prism bar.  It was classified as constant 
if it was present at all times for both fixation distances. If detected at only one fixation distance 
or not present at all times, it was classified as periodic.  
 
In the absence of a heterotropia, the cover test was then used to assess for the presence of a 
heterophoria.  The right eye was covered, and then as it was being uncovered, it was observed 
for any movement (just uncovered eye) which, if present, indicated a phoria.  An inward 
movement represented an exophoria, an outward movement an esophoria, upward movement a 
hypophoria and downward movement a hyperphoria.  The left eye was then covered, and as 
above, observed as it was being uncovered to confirm any phoria detected in the right eye.  If 
no movement of the “just uncovered eye” was observed, then only was the alternating cover 
test (movement of the cover from the right to left eye and back to right eye without allowing 
fusion) be performed to assess whether there was a phoria approx. less than four prism dioptres 






The amount of tropia or phoria was measured using the alternating cover test in combination 
with a prism bar. The prism bar was placed in front of the non-tropic eye (in the case of a tropia) 
and before any eye (in the case of a phoria) with the participant fixating on a relevant target. 
One eye was covered and then after a few seconds the occluder was moved directly to the other 
eye, again after 1-2 seconds, the occluder was moved back to the original eye. The sequence 
was repeated a number of times (minimum 2-3) and one eye being covered for the duration of 
the alternate cover test. If corrective re-fixation movement of the eye (without the prism was 
detected, then the prism power was increased until no movement of the eye (without the prism) 
was observed.  The amount of prism that results in no further movement of the eye/s was 
regarded as the magnitude of deviation. Base-in prisms were used to measure exo deviations, 
base-out prisms for eso deviations, base-up prism for hypo deviations and base-down prism for 
a hyper deviation.  
 
iii. Cycloplegic Dilation: Pupillary dilation and cycloplegia (in both eyes) was attained by using 
one drop of Novesin Wander in both eyes and then after two minutes of achieving ocular surface 
anaesthesia, two drops of 1% cyclopentolate were administered five minutes apart in each eye. 
After an additional 15 minutes, if a pupillary light reflex was still present when observed with 
a bright torch light without magnification, then a third drop was administered as required. After 
a further 15 – 20-minute interval cycloplegia was considered complete if the pupillary light 
reflex was absent and pupil diameter was 6mm or more. In some children both dilation and 
cycloplegia could not be achieved: dilation may be less than six millimetres but cycloplegia 
complete, or dilation six millimetres with incomplete cycloplegia.  The achievement of 
cycloplegia was necessary irrespective of the extent of dilation. This procedure was performed 
by the optometrist.  
 
iv. Cycloplegic Autorefraction: In eyes with successful cycloplegia, refraction was performed with 
an autorefractor (Topcon RM-8000B). Autorefraction was carried out according to the 
manufacturer instruction manual, including daily calibration. A minimum of five readings with 
valid confidence rankings as per the manufacturer’s instructions were obtained for each eye. 
The RESC protocol defines myopia in one or both eyes of at least -0.50 diopter (D), 
hypermetropia at least +2.00 D in one or both eyes and astigmatism at 0.75 cylindrical refraction 
or more.  
 
v. Media and Fundus Examination: Examination of the anterior segment, lens, vitreous and fundus 





findings was important as documentary evidence to support the assignment of a principal cause 
of impairment. Any abnormal fundus findings were recorded.  
 
vi. Assessment of visual impairment:  The cycloplegic autorefractor prescription was put up in a 
trial frame for any significant RE as defined above, and the aided VA measured as per procedure 
described above for VA for all children who attained an initial unaided or aided VA worse than 
LogMAR = 0 (20/20). In those cases where the aided VA was worse than LogMAR = 0.30 
(20/40) the child was categorized as having VI.  
 
1.8.2 Quality of life assessment 
The modified National Eye Institute (NEI) visual functioning questionnaire-25 ( NEI-VFQ-25) version 
2000 was used as an instrument to measure the QoL (Appendix 7) (57). This was administered to 
children 14 years and older because older children were able to understand the questions better. This 
was administered in a structured interview format consisting of 23 questions which were compulsory. 
The trained research assistant read the questions/statements about vision problems or difficulties that 
the child might experience due to his/her vision condition. After each question/statement the field 
worker read the list of possible answers and the child had to verbally express a response, after which 
the research assistant recorded the response. The questions were categorized into sub-scales like global 
vision rating (1), difficulty with near vision activities (3), difficulty with distance vision activity (3), 
limitation in social functioning due to vision (2), dependency on others due to vision (4), limitation with 
peripheral vision (1) and ocular pain (2).  
The maximum score was 100, indicating a good quality of life. A poor QoL was indicated by scores 
closest to zero. The questionnaire was presented in English and the results were collected and analysed 
as low or high QoL.  
 
1.9 Pilot study  
The pilot study was conducted outside the main area of study on 40 school-children attending 
Groblersdal Academy, following the protocol outlined above. This was done procedurally to identify 
all possible problematic areas in the study procedures or data collection in order to modify prior to the 
implementation of the main study. Subjects recruited for the pilot study were excluded from the main 
study. During pilot study we discovered that some learners could not understand English well, then for 
the main study we use a field worker who was proficient in both English and Sepedi in order to translate 






1.10 Data Management and Analysis 
All data was captured and entered onto a MS Excel spreadsheet. Data was cleaned and analyzed using 
the Statistical Package for Social Sciences (SPSS v 25) in consultation with a statistician. Data back-up 
was done daily, and the back-up copies were stored in a password protected file.  Descriptive statistics 
including frequencies, percentages, means and standard deviations were computed. Data back-up was 
done daily, and the back-up copies were stored in a password protected file.  
 
1.10.1 Prevalence of RE and VI in the sample  
The distribution of uncorrected, presenting and best corrected VA was reported in visual acuity 
categories. Values of at least - 0.50 dioptre, + 2.00 dioptre and -0.75 cylindrical power and above for 
myopia, hyperopia and astigmatism, respectively were considered significant. The distribution of 
spherical equivalent RE among those with VI was tabulated by age and gender. The association of 
myopia or hyperopia with a child's age and gender was explored with multiple logistic regression. 
Principal causes of VI (visual acuity 20/40 or worse) were summarized.  
 
1.10.2 Effect of RE and VI of quality of life 
Correlations were used to look at the strengths of the relationship between QoL scores. The independent 
sample t-test or ANOVA analysis was used to compare the mean QoL scores between the categories of 
RE and/ VI. All the tests were two tailed and statistical significance was set at α=5%. 
  
1.11 Reliability and Validity 
Reliability is a term used when assessing the consistency of the measure or techniques used, while 
validity focuses on the accuracy of the measuring technique. For this study to be consistent and accurate, 
it was done following the below procedure.  
i. The study procedures followed the modified RESC protocol. 
ii. A pilot study was done to finalise the data collection procedures and recording. 
iii. A standardization workshop was held with all personnel involved in the data collection prior to 
commencement of the study. 
iv. All equipment was calibrated prior to commencement of data collection, and thereafter on a 
daily basis, before data collection. 
v. Multiple readings were taken for determining the refractive error. 
vi. The principal investigator was a qualified optometrist, skilled to perform all the tests with over 
ten years’ experience. 





viii. Standard room lighting was used for measurement of VA and assessment of binocular vision 
function. 
 
1.12 Ethical, Legal considerations and Permission 
i. Ethical clearance for the study was obtained from the Biomedical Research and Ethics 
Committee (BE080/19) at the University of KwaZulu-Natal.  
ii. Permission was obtained from the Department of Education in Limpopo Province (Appendix 
5). 
iii. Permission was obtained from the respective school principals (Appendix 6).  
iv. Informed consent was signed by the parents of the children, and assent was approved by the 
children.   
v. Data back-up was done daily, and the back-up copies were stored in a password protected file. 
The only person with access to this data is the principal investigator.  
Any child that was found to have reduced vision, significant refractive error and/or ocular pathology 
was given a referral to their chosen eye care practitioner.  
 
1.13 Dissemination of results: 
Findings were reported in manuscripts that have been submitted to peer-reviewed, accredited journals 
and presented to other stakeholders including Department of Education and Department of Health in 
Limpopo. 
 
1.14 Chapters presented in this thesis 
1.14.1 Chapter 1 
This chapter details the introduction of this study, its background, literature review, research question, 
objectives and detailed methodology.  
1.14.2 Chapter 2 
This is the chapter that addressed the research question about the prevalence of RE and VI among 
school-children aged 6-18 years residing within the borders of Sekhukhune district. It further outlines 
the distribution of RE and VI based on gender, age, and grade. It is an original research manuscript, 





1.14.3 Chapter 3 
This chapter addresses the research question pertaining to the impact of RE/VI on the QoL of school-
children within greater Sekhukhune district. It is an original research manuscript, to submitted for 
publication on BMJ journal.    
1.14.4 Chapter 4 
This is the synthesis chapter, it outlines all the results and critically discusses them, including 
conclusions and recommendations from the study.  
1.15 Conclusion 
In overall chapter 1 outlines the detailed background of this study, literature view, the aims and 
objectives of this study, methodology with study procedure and the main questions to be answered by 
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CHAPTER 2 – First Manuscript  
__________________________________________________________________________ 
Chapter 2 is a manuscript ; this is the manuscript that addressed the research question about the 
prevalence of RE and VI among school-children aged 6-18 years residing within the borders 
of Sekhukhune district. The results were obtained after a full optometric examination was 
administered to learners and data was captured and analyzed using SPSS software. It further 
outlined the distribution of RE and VI based on gender, age, and grade. This manuscript is 
titled “Visual Impairment and refractive error among school-going children in Sekhukhune 
district (Limpopo) South Africa”. It was submitted and published in the African Vision and 







































































CHAPTER 3 – Second Manuscript 
___________________________________________________________________________ 
Chapter 3 is a manuscript assessing the quality of life amongst 155 learners. The tool used was 
the National Eye Institute Visual Function Questionnaire. All the scores were collected and 
analyzed using SPSS where low scores indicated a poor quality of life (QoL) whilst a high 
score indicated a good QoL. This manuscript answers a question on the impact of RE/VI on 
the QoL of school-children and is titled “The impact of refractive error and/ visual impairment 
on quality of life among school-going children in Sekhukhune district (Limpopo), South 
Africa”. It is an original research manuscript written following the guideline of the British 







































































































































































































































CHAPTER 4 - Synthesis Chapter 
 
4.1 General discussion 
___________________________________________________________________________ 
Uncorrected refractive error (URE) is a major problem in school going children in Sekhukhune district. 
It was also found to be the leading cause of visual impairment among school-going children in this area. 
In addition to the negative implications on learners’ academic performance, URE and or visual 
impairment also affects school-going children socially and psychologically. Learners with VI often feel 
frustrated and helpless due to their poor vision. They also fail to participate in certain games that require 




















4.1.1 Prevalence and distribution of Refractive error among school-going children in Sekhukhune 
district, Limpopo (South Africa)- First Manuscript  
 
a. The prevalence of RE among learners in Sekhukhune district was 20.6% (95% CI, 16.2-24.9), and 
was outside the range of between 2-12% previously recorded on the African continent (1-4). Similarly, 
a high prevalence was also observed amongst school-children in Malamulele district (Limpopo), where 
the prevalence value of 20.1% (5) was found. In this study, the highest prevalence of RE was 11.6% in 
age-group 14-18 years. The lowest prevalence of 3% however, was seen on the younger age group of 
children aged 6-9-years, similar to the findings by Atowa and Ijof (2020) among Nigerian Children (6). 
Learners of Grades 9-12 had the highest prevalence of RE (46.3% [95% CI, 34.3-58.2]) with no 
significant difference in prevalence of RE between males and females. This was also reported in a study 
done among KwaZulu-Natal school going children, where there was no association between RE and 
gender (7). All the children who were sent for an eye examination had never had their eyes tested before. 
b. Myopia was the leading type of RE in Sekhukhune with a prevalence value of 10.4% (95% CI, 7.10-
13.7). Myopia was found to be more common on older children, with a greater association with males 
as compared to females. This is similar to the results found in South Africa by Baloyi et al (5) and 
Wajuihian and Hansraj (7). The prevalence of hypermetropia was 2.8% [95% CI, 1.00-4.50]) of the 
overall sample and was observed mostly on the younger age group 6-9-years and females, similar as it 
was in Nigerian children (8). Astigmatism ranged from -0.75 D to -5.50 D cylinder and the prevalence 
in Sekhukhune district was 7.4% (95% CI, 4.5-10.2). A higher prevalence of astigmatism was observed 
among children aged 10-13-years 3.7% (95% CI, 1.64-5.72) and there was no significant different in 
prevalence of astigmatism between genders. 
 
4.1.2 Prevalence and distribution of Visual impairment among school-going children in 
Sekhukhune district, Limpopo (South Africa)- First Manuscript 
 
a. The prevalence of VI in Sekhukhune district was 12.3% as per definition of the WHO as presenting 
visual acuity of 0.30 M or worse (9). Thirty learners (9.2% [95% CI, 6.1-12.3]) had mild VI, eight (2.5% 
[95% CI, 0.80-4.10]) moderate and two (0.6% [95% CI, 0.00-1.50]) severe VI. The highest prevalence 
of VI was observed in age group 14-18-years and Grades 9-12 similar to that was found among 
Ethiopian children (10). The were no difference in the prevalence of VI between males and females. 
The leading cause of VI was uncorrected RE (80% [95% CI, 67.6-92.4]) as it was also found by the 
study done in KwaZulu Natal (11), followed by amblyopia, corneal opacity/scar and cataract with 





respectively. After correction, only Seven learners (2.1% [95% CI, 0.60-3.70]) could not achieve VA 
of ≥ 0.30 in one or both eyes. Two learners with significant refractive error where offered a pair of 
spectacle correction by a principal investigator. 
 
4.1.3 The impact of refractive error and visual impairment on quality of life of learners in 
Sekhukhune district, Limpopo (South Africa) – Second manuscript  
 
a. The total of 154 (47% [95% CI, 41.8-52.7]) learners completed a NEI-VFQ questionnaire before they 
underwent the eye examination. After the eye examination it was found that 38 (24.7% [95% CI, 71.9-
31.5]) learners had RE and/ VI, while 116 (75.3% [95% CI, 68.5-82.1]) had normal vision. The results 
were all about comparing mean scores between the two groups (i.e. the group of leaners with RE and/ 
VI and the group of learners without RE and/ VI). On average learners with RE and/ VI scored lower 
on the NEI-VFQ (65.21) as compared to learners without RE and/VI (80.56). Only with general health 
did these two groups of learners achieved nearly equal scores, but with all other categories of NEI-
VFQ-25 learners with RE and/ VI scored significantly lower. The tasks that school-children are 
involved in is largely dependent on vision, this score means learners with RE and/ VI have difficulty 
with doing their schoolwork. Kumaran et al. (12) further reported that most learners with uncorrected 
RE admit that their academic performance is always average due to their vision problems 
b. Concerning the group of learners with RE and/ VI, the younger age group seemed to experience more 
difficulties as compared to older age group, this might be due to the fact that older children have a way 
of  developing their own coping strategy (13). Females attained better scores than males and children 




The prevalence of RE and VI was high among learners in greater Sekhukhune and this highlights the 
need for all stakeholders and policy makers to devise a strategy to address these conditions as they also 
decrease the quality of life on learners. We recommend that there should be regular school visual 
screening. Provision of spectacles to learners with poor vision should also be prioritized. 
 






The strength of this study is that it is one of a few studies globally, and only one in Africa that have 
attempted to investigate the quality of life among school-children in the chosen study site, a population 
who will carry any current RE and/or VI for many years in their lives. It is recommended though, that 
the NEI-VFQ-25 be translated and modified for local context for future use at South African schools.  
4.4 Limitations of this study 
 
The number of school-children that completed the NEI-VFQ-25 was relatively small, therefore the 
results of this study should be taken with caution. Only 25% of these children who completed NEI-
VFQ-25 had RE and/VI which is relatively small size as compared to 75% of those children without 
RE and/ VI. The validity of NEI-VFQ-25 in the pediatric population remains unclear because there 
appears to be no previous evaluation of this on RE and/VI in the pediatric population. Whilst it is quite 






















1.  Kumah BD, Ebri A, Abdul-Kabir M, Ahmed A-S, Koomson NY, Aikins S, et al. Refractive 
Error and Visual Impairment in Private School-children in Ghana. Optom Vis Sci. 2013 Dec 
[cited 2019 Mar 31];90(12):1456–61. Available from: 
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00006324-
201312000-00016 
2.  Mehari ZA, Yimer AW. Prevalence of refractive errors among schoolchildren in rural central 
Ethiopia. Clin Exp Optom. 2013 Jan [cited 2018 Jun 19];96(1):65–9. Available from: 
http://doi.wiley.com/10.1111/j.1444-0938.2012.00762.x 
3.  Ekpenyong BN, Naidoo K, Ahaiwe K, Ezenwankwo O, Ndukwe O, Ogar E, et al. Visual status 
and prevalence of eye disorders among school-age children in southern Nigeria. African Vis 
Eye Heal. 2017 Jan 30 [cited 2018 Jun 19];76(1):1–6. Available from: 
http://www.avehjournal.org/index.php/aveh/article/view/377 
4.  Arafa AEE-D, Ewis AAE, Mahran WM, Mohamed AAE, El-Shabrawy EM. Prevalence and 
risk factors of refractive errors among preparatory school students in Beni-Suef, Egypt. J 
Public Health (Bangkok). 2018 May 26 [cited 2018 Jun 19];1–5. Available from: 
http://link.springer.com/10.1007/s10389-018-0930-8 
5.  Baloyi V, Akinsola H, Physical JM-AJ for, 2018  undefined. Pattern of distribution of 
refractive error among primary school-children in Malamulele community of Limpopo 
province, South Africa. journals.co.za. [cited 2020 Apr 16]; Available from: 
https://journals.co.za/content/journal/10520/EJC-
132839854a?crawler=true&mimetype=application/pdf 
6.  Atowa UC, Ijof SW, 2020  undefined. Associations between near work, outdoor activity, 
parental myopia and myopia among school-children in Aba, Nigeria. ncbi.nlm.nih.gov. [cited 
2020 May 6]; Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7013793/ 
7.  Wajuihian SO, Hansraj R. Refractive Error in a Sample of Black High School-children in 
South Africa. Optom Vis Sci. 2017 Dec [cited 2018 Jun 19];94(12):1145–52. Available from: 
http://insights.ovid.com/crossref?an=00006324-201712000-00010 
8.  Atowa UC, Munsamy AJ, Wajuihian SO. Prevalence and risk factors for myopia among 
school-children in Aba, Nigeria. African Vis Eye Heal. 2017 Jan 30 [cited 2018 Jun 





9.  Resnikoff S. Assessment of the prevalence of visual impairment attributable to refractive error 
or other causes in school-children. PROTOCOL AND MANUAL. World Heal Organ. 2007;  
10.  Garedew Woldeamanuel G, Derese Biru M, Gensa Geta T, Abera Areru B. Visual impairment 
and associated factors among primary school-children in Gurage Zone, Southern Ethiopia. Afri 
Heal Sci. 2020 [cited 2020 May 6];20(1):533. Available from: 
https://www.ajol.info/index.php/ahs/article/view/195170 
11.  Chan VF, Singer S, Naidoo KS. Disability-related-distress in primary school learners with 
vision impairment due to uncorrected refractive error in KwaZulu-Natal Province, South 
Africa - A qualitative study. PLoS One. 2020;15(3).  
12.  Evangeline Kumaran S, Manni Balasubramaniam S, Senthil Kumar D, Kumar Ramani K. 
Refractive Error and Vision-Related Quality of Life in South Indian Children. Vol. 92, 
Optometry and Vision Science. 2015 [cited 2020 Feb 23]. Available from: 
https://journals.lww.com/optvissci/fulltext/2015/03000/Refractive Error and Vision Related 
Quality of.7.aspx 
13.  Hopkins S, Narayanasamy S, Vincent SJ, Sampson GP, Wood JM. Do reduced visual acuity 
and refractive error affect classroom performance? Clin Exp Optom . 2020 May 22 [cited 2020 


















Appendix 1- Information document (detailing the overall study)  
 






































































































































































Appendix 7- National Eye Institute Visual Functioning Questionnaire – 25 
     
                    




























































































































                                                       
 
 
Appendix 10- Ethical certificates  
 
 
 
 
 
 
 
 
 
 
94 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
95 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
96 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
97 
 
 
 
 
 
 
 
 
 
 
 
